Hybrid composites are commonly applied to obtain tailor-made properties due to the additive or synergistic effect between matrix and fibers, offering a wide range of properties that could not be achieved with a single fiber. However, addition of more than one fiber makes the mechanical behavior of hybrid composites more complex, and classical approaches such as rule of mixtures must be reconsidered when evaluating their mechanical properties using micromechanical theories. The aim of this work is to present an online software tool for researchers and designers, where different models for evaluating mechanical and thermal properties of hybrid composites were incorporated, allowing the user to quickly assess them based on the fibers and matrix properties. The developed software is web-based and was programmed and designed with markup and programming languages such as Python, HTML, JavaScript and MySQL, and also enable analysis of single fiber composites (short and long fibers, aligned or random), particulate composites and nanocomposites. In order to verify the available models, an experimental study was carried out by producing an epoxy composite with glass and carbon fibers at different relative fiber volume fraction. The samples were submitted to longitudinal and transverse tensile and in-plane shear testing to produce experimental values for Elastic moduli, Poisson's ratio and shear modulus of the intraply hybrid composite. Good correlation was found between experimental and analytical approaches considering the adopted assumptions, especially for the Chamis and Chou models.
INTRODUCTION
Hybrid composites are commonly referred as a matrix reinforced by at least two distinct fibers, aiming to provide a synergistic effect between the multiple fibers [1] . According to Ashori and Nourbakhsh [2] , for the hybrid effect to appear, fibers of different mechanical properties are required, forming also interfaces with different properties. Hybridization may offer a more cost-effective way to meet design requirements compared to traditional engineering th Brazilian Conference on Composite Materials. Rio de Janeiro, July 22 nd -25 th , 2018 2 materials, since it allows composites to reach tailor-made properties [3] , balanced thermal stability, strength and stiffness, better toughness, and fatigue and impact resistance [4] . In order to reach balanced properties, it is essential to accurately equalize the volume fraction of matrix and fibers and evaluate the composite mechanical properties or estimate them through micromechanics. However, hybrid effects may not be accurately modelled by the rule-ofmixtures (ROM) [5] , increasing the complexity of closed-form solutions. Despite that, micromechanical equations for hybrid composites (HC) provide accurate solutions for predicting mechanical properties, yielding results quite close to the ones obtained through finite element modelling [6] .
Unlike isotropic materials, experimental characterization of composite materials is expensive and time consuming due to many variables involved [7] . Aiming to provide an easy way to quickly compute hybrid composite properties from micromechanics, equations found in literature for these material classes were compiled and fed to the MECH-Gcomp software developed by the group. The program interface was built using html customized with CSS. Language JavaScript was used, allowing the scripts to be executed by the user without passing by the server, increasing the development speed. The calculations and server side of the web application used Python, a widely used language, with large online community, high abstraction level and easy programming for the interaction with other languages and libraries. Interaction between Python and framework Django was crucial for a robust web development, together with the program Mysql for MECH-Gcomp database management.
The software MECH-Gcomp already has many different micromechanical approaches, validated with experimental data for nanocomposites [8] , particulate composites [9] , short [10] and long [11] single fiber composites. The present work aims to compare micromechanical equations available in the literature with experimental results for hybrid glass+carbon/epoxy composites, at different relative fiber volume fractions, to verify their robustness in predicting the composite properties.
MATERIALS AND METHODS

Mathematical Models
Due to different simplifications and assumptions of different micromechanical models (no voids, neglection of interface, perfect alignment of fibers, etc.), MECH-Gcomp software presents all available options and lets the user decide which one will be chosen. It incorporates in its code several models to compute engineering constants, mechanical strengths and thermal properties of HC. Regarding longitudinal Young modulus (E1) and Poisson ratio (ν12), Rule of Mixture (ROM) is able to provide accurate results, even for hybrid composites [6, 12] .
For the other engineering constants, Banerjee (2014) [6] extended the semi-empirical models proposed by Halpin (1976) [13] , applying the following set of equations: 
where E2 is the transverse Young Modulus, G12 is the in-plane shear modulus, V is the volume fraction, and ξ is a parameter associated with fiber geometry (for circular fibers its value is 1.165 in Equation (3) and 1.01 in Equation (4)). Subscripts m, f1 and f2 designate matrix, primary and secondary fiber, respectively. Regarding longitudinal tensile strength, it is assumed that the composite will fail when its first constituent reaches its ultimate strain, as depicted in Equation (5), where σ1
T is the longitudinal tensile strength and ε is the lower ultimate strain among the composite constituents. 1 1
According to Chamis (1980) [12] , HC properties can be achieved by splitting it on primary composite (PC) and secondary composite (SC), where the first is reinforced by fiber 1 and the second by fiber 2, with the matrix proportionally distributed. The methodology applied to compute these composite properties is analogous to that applied for single-fiber composites, as depicted in Chamis (1989) [14] . Then, the HC engineering constants and strengths are evaluated according to a new ROM. Equation (6) shows how to obtain the transverse Young modulus and, by substituting E2 for G12 in Equation (6), one can obtain the HC shear modulus. 
The model presented by Chou [15] splits the composite producing a high modulus (HM) and a low modulus (LM) composite. The equations proposed by Chamis [12] are used to compute their engineering constants, but the final properties are obtained by using the following equations: 
Experimental Tests
Hybrid and non-hybrid composite laminates were produced by using carbon/epoxy and glass/epoxy towpregs from TCR Composites, Toray T700-12K-50C and 158B-AB-450, respectively, both pre-impregnated with UF3369 epoxy resin system. The flat laminates were manufactured by dry filament winding using a KUKA 140 L100 robot integrated with peripheral control systems from MF TECH. The equipment delivery eye is able to process up to four towpregs simultaneously allowing the manufacturing of hybrid composites with different compositions. The composite design was performed in the CadWind software and the data containing all the winding parameters were entered. These parameters are converted into a simulated model for manufacture optimization. The simulation is then processed and converted into a robot programming language. Hoop flat laminates were produced from the deposition of the fiber tows on top of a stainlesssteel mandrel (327 × 228 × 12 mm³), as shown in Figure 1 . Five laminates with different relative contents of reinforcing material were produced, with up to 4 simultaneous tows. Two of the five laminates are composed of a single fiber, glass or carbon. Table 1 shows the amount of tows used and the final thickness of the composite. The laminate ID designates the carbon and glass fiber volume fractions. After winding, the material was cured in a hot hydraulic press under six ton at 120 °C for 4 h. After that, the system was cooled to room temperature, and the mandrel unscrewed to extract the flat composite. The unidirectional composites were cut using a CNC router machine, longitudinally and transversely to the fiber direction. The specimens were then sanded and the dimensions measured.
All the experiments were performed in an Instron Universal machine model 3382 with a 100 kN load cell. Tensile tests were performed according to ASTM D3039-17 at constant speed (2 mm/min) and using two analogical extensometers. Seven specimens for each composite were tested to obtain elastic moduli and Poisson's ratio. For transverse tensile tests, length of the samples was 27 mm shorter than suggested by the standard due to the limited dimensions of the plates. The shear properties were characterized using ASTM D7078-12, which is recommended for high-modulus fiber-reinforced composite materials. Four samples were tested at a speed rate of 2 mm/min. Strain gages of the rosette type KFG-5-120-D17-11 from KYOWA were used to enable calculation of the in-plane shear modulus, G12. th 
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Fibers and resin mechanical properties are compiled in Table 2 , along with densities (ρ) and weight fraction in towpregs (Wf). Some of the data shown in this table were extracted from the literature [16] when not provided by the manufacturer. 
RESULTS AND DISCUSSION
Equations (1)- (7) were used to evaluate the five different composites depicted in Table 1 . Figures 2 and 3 present the analytical results from the micromechanics models compared to the experimental data, and the relative deviations are depicted in Table 3 .
ROM could accurately predict the E1 value, including the HC. While the models from Banerjee [6] and Chamis [12] could predict with relative good accuracy E2 and G12, the Chou model [15] deviated significantly from the measured values.
Regarding ν12, none of the models could adequately fit the measured values. This may have occurred due to incorrect input values adopted for fibers and resin, which refer to generic data. The models proposed by Banerjee [6] and Chamis [12] 
CONCLUSIONS
Micromechanical models for hybrid composite materials obtained in the relevant literature were implemented on an online software, allowing its users to quickly compute composite mechanical properties based on fiber and matrix types and volume fractions. In order to verify the model's accuracy, experimental tests were performed for five different configurations.
Considering the already mentioned assumptions and simplifications, and the difficulties in obtaining some materials properties, results were in good agreement with experimental data. Relative to E1, E2 and G12, micromechanics models showed a deviation of about 10%, except for the Chou model. Poisson´s ratio could not be accurately predicted by any model. 
